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Atmospheric oxygen (O2) is essential to sustain higher life forms. Nonetheless, O2 also 
serves as the main element in the generation of oxygen-derived reactive molecules also 
known as reactive oxygen species (ROS). An imbalance between the generation of ROS 
and the cellular antioxidant defense system can result in a condition generally described 
as oxidative stress. Oxidative stress has been proposed to be involved in age-related 
neurodegenerative diseases such as Alzheimer’s and Parkinson’s as well as cancer and 
also aging per se. The underlying causative mechanisms have however, remained elusive. 
An unbiased research approach might not only aid to better understand known defense 
systems, but possibly identify novel biomarkers that could further clarify the current 
theories. Oxygen itself is rarely used as a ROS inducer of oxidative stress and -related 
research. High levels of oxygen (hyperoxia) have been reported to result in the development 
of pathological features that are similar to those that are seen in the process of age-related 
degeneration. Therefore, research utilizing hyperoxia-resistant cell lines could be an ideal in 
vitro cell model that allows for an unbiased approach in the identification of oxidative stress-
associated biomarkers. Previous characterization of such hyperoxia-resistant cell lines, i.e. 
by comparison with their sensitive counterparts, has been unable to identify pathways or 
processes that could help to explain the hyperoxia resistance trait. This suggests that novel 
oxidative stress associated defense biomarkers might be involved. These biomarkers may 
provide insight into the association between oxidative stress and age-related degenerative 
diseases and may reveal potentially novel therapeutic targets. 

In Chapter 2, the identification of NARFL as a key element in the defense against oxidative 
stress was described. High-resolution DNA and RNA profiling of two independently selected 
hyperoxia-resistant substrains of HeLa cells revealed a commonly altered chromosomal 
region, harboring 21 overexpressed genes. Functional studies identified NARFL as the driver 
gene for the amplification of this chromosomal region. NARFL is known as a component 
of the well conserved cytosolic iron-sulfur cluster assembly (CIA) pathway, responsible for 
iron-sulfur (Fe-S) cluster of cytosolic and nuclear Fe-S proteins. The ROS susceptible Fe-S 
proteins ACO1 and RTEL1 were protected by the overexpression of NARFL in the resistant 
cell lines under hyperoxia. The development of sister-chromatid cohesion caused by 
hyperoxia exposure was counteracted by NARFL, suggesting a possible role for NARFL in the 
maintenance of genomic integrity. 

In Chapter 3, we reported on the possible role of NARFL in the protection of the iron 
regulatory system as both proteins, IRP1 and IRP2 of this mechanism is deregulated as a 
result of loss of NARFL and hyperoxic stress. Deregulation of this machinery could lead to 
cell death, which could be a possible explanation for the decrease in cell viability seen upon 
NARFL depletion and under hyperoxia-induced oxidative stress.  We previously presented 
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evidence for a NARFL role in counteracting sister-chromatid cohesion defects (Chapter2) 
and in this current study we identified ESPL1 as a possible NARFL associated protein that 
has been shown to play a role in proper chromatid segregation. The up regulation of AKR1C 
proteins could be involved in resistance of tumor cells against chemotherapeutics that exert 
their function through production of ROS. Thus the identified proteins could provide further 
clues in the link between oxidative stress and diseases. 

 Chapter 4 describes an approach to identify additional biomarkers involved in the cellular 
resistance against oxidative stress. Global protein profiling of two HeLa cell lines exposed 
to hyperoxic stress led to the identification of numerous differentially expressed proteins 
including a cluster of ribosomal proteins as well as a sub-network of mitochondrial proteins. 
Further overlap analysis with differential proteins in hyperoxia-resistant cell lines relative 
to sensitive cell lines, revealed a cluster of proteins that might be biomarkers relevant for 
cellular resistance against oxidative stress. A specific cluster of these proteins (CISD1, CISD2, 
NENF and CYCS) are iron-dependent proteins, either containing Fe-S or heme as a prosthetic 
group. We conclude that modification of the mitochondrial associated proteins (CISD1, 
CISD2 and CYCS) levels might be of significance in circumventing mitochondrial dysfunction 
under hyperoxic stress. 

In Chapter 5, we reported on the metabolic alterations in hyperoxia-resistant cell lines 
compared to their sensitive counterpart. The activity of key enzymes involved in the TCA cycle 
as well as the mitochondrial respiratory system was measured. Furthermore, metabolites 
involved in glycolysis and the TCA cycle were also assayed. The main significant difference 
between the sensitive and resistant cell lines was a shift in the glucose consumption to 
lactate excretion ratio. This was reduced from the normal 1:2 ratio to an altered 1:1 ratio in 
the hyperoxia-resistant cell line compared to sensitive cell line. Metabolic alteration leading 
to decreased lactate excretion might be associated with the resistant trait of hyperoxia-
resistant cells.    

In conclusion, the research presented in this thesis has led to the identification of NARFL 
as a human oxidative stress defense gene. The identification of NARFL has drawn attention 
to the assembly process of Fe-S-containing proteins as a vulnerable spot in the molecular 
functioning of cells subjected to oxidative stress and possibly in cells undergoing the so far 
ill-defined changes associated with the aging process. 


